We describe a retrospective series of B-cell lymphoproliferative disorders associated with hepatitis C virus infection. In addition to splenic marginal zone lymphoma, follicular lymphoma and diffuse large B-cell lymphoma, all of which showed some specific features, we found two poorly described groups of cases. The first featured disseminated marginal zone lymphoma without splenic marginal zone lymphoma features, defying the current marginal zone lymphoma classification; the other consisted of monoclonal B lymphocytes in the peripheral blood, bone marrow or other tissues, with no clinical or histological evidence of lymphoma, and exhibiting a pattern that requires proper identification in order to avoid the misdiagnosis of the lymphoma. Diagnosis of hepatitis C virus infection-associated lymphoproliferative disorders requires the integration of clinical, pathological and molecular findings to establish an adequate diagnosis and decide the appropriate therapy to be applied.
The presence of hepatitis C virus (HCV) is associated with a constellation of lymphoproliferative disorders, ranging from benign polyclonal/oligoclonal B-cell expansion to overt malignant lymphoma. It is a multifactorial and multistep process in which many genetic and environmental changes are probably required before a malignant phenotype is fully acquired. 1 On the one hand, small B-cell clones can be detected in the bone marrow and liver biopsies of HCV-positive patients, and these are occasionally associated with a serum cryoprecipitable IgM Kappa component. 1, 2 On the other hand, a higher frequency of lymphoid malignant neoplasms has been described in HCV-infected patients. These are most commonly lymphoplasmacytic lymphomas, marginal zone lymphomas and diffuse large B-cell lymphomas. 3 The clinical relevance of these disorders is highlighted by the finding that antiviral therapy may lead to the regression of a fraction of these HCV-related lymphomas. 4 The pattern of association between HCV infection and lymphoproliferative disorders differs throughout the world. For example, a significantly higher risk of non-Hodgkin lymphoma in HCVpositive patients has been noticed in several countries. [5] [6] [7] Although there have been several reports of the clinical characterization of the range of lymphoproliferative disorders associated with HCV infection, detailed morphological information and diagnostic features are still lacking, and as a consequence, malignancy is sometimes overdiagnosed. Additionally, little is known about the evolution of these disorders and their response to antiviral therapy.
The aim of this study was to describe the spectrum of morphological, phenotypic and clinical findings in a series of lymphoproliferative disorders in HCV-positive patients.
Materials and methods

Case Selection
We searched for B-cell lymphoma or monoclonal B-cell lymphoproliferative lesions, determined by PCR, immunohistochemical analysis and/or flow cytometry, in HCV-positive patients, diagnosed between 2000 and 2010. Samples were obtained from the Pathology Department of the Gregorio Marañ ón (Madrid) and Virgen de la Salud (Toledo) Hospitals and the Spanish National Cancer Research Centre (CNIO). The diagnosis of HCV infection was confirmed in all the patients by the detection of anti-HCV and/or HCV RNA in the serum. We excluded cases with HIV and/or HBV chronic infection and patients who had undergone organ transplantation. The liver biopsies were considered in the diagnosis of liver disease but not included in the morphological, phenotypic and molecular analysis that sought monoclonal B-cell populations. We identified a total of 77 patients with lymphoma and monoclonal B-cell lymphoproliferative disease with HCV infection. From these, 19 were excluded because of HIV coinfection (12 cases), organ transplantation (3 cases), autoimmune disease (1 case), associated T-cell lymphoma (1 case), diagnosis of lymphoma before the diagnosis of HCV infection (1 case) and because the only available material was a splenectomy specimen obtained after chemotherapy treatment (1 case). The total series included 58 patients.
Clinical information was retrieved from medical records, surgical pathology reports and the referring clinicians.
The research protocol was approved by the Institutional Ethics Committee at the Hospital Virgen de la Salud.
Pathological Findings
The samples analyzed in this series included 54 bone marrow, 15 lymph node, 2 bronchial, 1 pleural, 4 cutaneous, 1 gastric, 1 nasal and 3 liver biopsies and 11 splenectomy specimens. In total, 92 formalin-fixed, paraffin-embedded samples were available for morphological and immunohistochemical examination.
Histological diagnoses were reviewed by MAP, JM and MM in accordance with the criteria of the World Health Organization lymphoma classification and the following criteria: (A) Splenic marginal zone lymphoma: Splenic histology showing a splenic marginal zone pattern. 8, 9 (B) Marginal zone lymphoma different from splenic marginal zone:
(a) Nodal and/or extranodal tissue showing a marginal zone lymphoma pattern, without evidence of splenic disease; 10, 11 (b) Monoclonal B-cell population in the bone marrow/peripheral blood and organ lesions or lymphadenopathy, as demonstrated by physical examination or imaging techniques.
(C) HCV-associated monoclonal B-cell lymphocytosis:
Monoclonal B-cell expansions (PCR and/or immunohistochemistry and/or flow cytometry) in the bone marrow and/or peripheral blood. Absence of lymphoma infiltration by physical examination or histology. 12 (D) Tissue-based monoclonal B-cell and plasma cell proliferations of uncertain type:
Monoclonal B-cell populations demonstrated by PCR or light-chain restriction involving lymph node or spleen or extranodal tissue, in the absence of histological evidence of lymphoma infiltration or clinical evidence of disease.
The other diagnoses included in this study (lymphoplasmacytic lymphomas, follicular lymphoma, diffuse large B-cell lymphomas, chronic lymphocytic leukemia, multiple myeloma) were made according to the WHO criteria. [13] [14] [15] [16] [17] For immunohistochemical staining, 4-mm-thick paraffin-embedded tissue sections were subsequently dewaxed, rehydrated and subjected to antigen retrieval using EnVision FLEX target retrieval solution at pH 6 and heated at 95 1C. Slides were cooled and treated with EnVision FLEX/HRP Technique (Dako), counterstained with hematoxylin and mounted. The primary antibodies used were CD20, CD3, BCL2, BCL6, IgD, ki67, cyclin D1, kappa and lambda (Dako, Glostrup, Denmark), CD10 and p53 (Novocastra, Newcastle, UK).
FISH for BCL2 Gene Rearrangements
FISH assays were performed on paraffin-embedded samples. Briefly, hybridizations were done overnight at 37 1C after deparaffinization of 4-mm-thick sections of tissue, target retrieval by pressurecooking with 1 mM EDTA for 10 min and pepsin digestion (4 mg/ml at 37 1C for 60 min). The probe used was the LSI IGH/BCL2 Dual FUSION Color Probe, Break Apart Rearrangement Probe (Vysis, Downers Grove, IL, USA).
IgH Analysis
Genomic DNA was extracted from paraffin-embedded tissue with proteinase K and purified using a QIAGEN kit. The clonal IgVH rearrangements were analyzed by PCR using JH and VH consensus primers Hepatitis C virus infection lymphoproliferative disorders and BCL2 MBR and JH primers, respectively, from BIOMED-2 concerted action. 18 PCR amplification products were analyzed by ABI Genescan (ABI 310 PRISM) and agarose, respectively. IgVH gene status was investigated in five cases. Table 1 summarizes the patients' clinical features. Fifty-eight patients with histological, phenotypic or molecular evidence of lymphoma or monoclonal B-cells were included. The diagnostic classification of these cases is shown in Table 2 . Cryoglobulinemia was reported in 10 patients (1 splenic marginal zone lymphoma, 5 marginal zone lymphoma, 3 monoclonal B lymphocytosis and 1 tissue-based monoclonal B-cell and plasma cell proliferations of uncertain type).
Results
Patients
After a median 43 months of follow-up, 15 patients were dead but only in 2 cases could the cause of death be attributed to lymphoma progression; the rest died of sepsis (6 patients), vasculitis (3 patients), epithelial tumors (1 colorectal carcinoma and 1 urothelial carcinoma case), 5 days after splenectomy (1 patient) or from hepatic failure (1 patient). Eighteen patients received antiviral therapy and 27 received chemotherapy, 11 of these after antiviral therapy. Patients receiving any type of treatment (antiviral therapy and/or chemotherapy) had better overall survival than untreated patients.
We have information about the time between the diagnoses of HCV infection and of lymphoproliferative disorders only from 15 cases. The two conditions were diagnosed simultaneously in three patients, while there was an interval of 4-27 years in the others.
Splenic Marginal Zone Lymphoma Cases
We included in this group only splenic marginal zone lymphoma cases in which the diagnosis had been confirmed after a review of a splenectomy specimen in order to be sure of the lymphoma diagnosis. This ensured the exclusion of monoclonal lymphocytosis without splenic tissue involvement. We found only seven cases of splenic marginal zone lymphoma diagnosed in splenectomy specimens in our institutions and among the consultation cases with clinical information about HCV status. One of these patients was diagnosed with bone marrow involvement of a monoclonal B-cell lymphocytosis, and the splenic marginal zone lymphoma diagnosis was established only shortly after the review of the pathological findings from the spleen, which had been removed 20 years before.
Clinical findings. Seven patients were included in this group (6 females, 1 male), with a median age of 67 years (range, 52-76 years). Bone marrow was involved in all the six six cases examined and peripheral blood involvement was detected in four of them. Abdominal lymph node infiltration was present in one case. Five cases presented with anemia, while thrombopenia was found in four patients. Peripheral blood infiltration was demonstrated by flow cytometry in four patients. The median lymphocyte count was 1730/ml (range, 750-2900). Cryoglobulinemia was detected in only one case. Splenectomy was performed for diagnostic and/or therapeutic purposes in all the patients, and chemotherapy was administered in four cases. One patient received antiviral treatment. Five patients were alive after a follow-up of 9, 13, 14, 28 and 288 months, respectively, and two had died, one immediately after the splenectomy.
Pathological features. Molecular and light-chain restriction data are shown in Table 2 . All cases were diagnosed from splenectomy specimens. The morphological and phenotypic features of these cases are similar to those of splenic marginal zone lymphoma cases not associated with HCV. 9 Under low-power examination, all spleens showed micronodular white pulp infiltration with marginal zone differentiation, and the red pulp exhibited dilated sinuses with variable infiltration by small lymphocytes. The phenotype of the neoplastic cells was CD20 þ , BCL2 þ , BCL6 À , cyclin D1 À , IgD þ , with a low proliferation index. By immunohistochemical staining with ki67 and BCL2, the splenectomy specimens frequently featured a mixture of reactive germinal centers, BCL2 À with a high proliferation index and germinal centers partially replaced by BCL2 þ tumoral cells with a low proliferation index, reflecting a low level of spleen infiltration. Similarly, CD20 and IgD immunostaining helped to demonstrate the presence of B-cell infiltration in the red pulp ( Figure 1 ). Deletion 7q was found in one case.
The clinical data review of one case diagnosed with B-cell lymphoproliferative disorder in bone marrow specimen in 2006 showed the patient to Bone marrow biopsy showed infiltration by small lymphocytes in all the cases available. These were interstitial in six cases, with intertrabecular and intrasinusoidal nodules in four and two cases, respectively. Flow cytometry indicated that all three out of the three cases were CD5 À and three out of the four cases expressed kappa.
Marginal Zone Lymphoma-NOS
This group included patients with nodal or extranodal involvement by marginal zone lymphoma, demonstrated by tissue biopsy with the help of immunohistochemistry, flow cytometry and PCR studies. In addition to nodal marginal zone lymphoma and extranodal marginal zone lymphoma, MALT-type cases, disseminated marginal zone lymphoma cases were included here, some of them with splenomegaly but showing greater than expected visceral or lymph node infiltration.
Clinical findings. The clinical findings from this group are summarized in Table 3 . There were 13 patients in the group (7 females, 6 males), with a median age of 60 years, (range, 42-84 years). Lymph node involvement was detected in 10 patients at diagnosis, involving peripheral lymph node in six and being detected only in chest and abdominal CT scans in four cases. Eight cases exhibited extranodal infiltration, localized in the respiratory tract (lung, pleura) in five cases, the skin in three cases and liver in one case. Splenomegaly was observed in nine cases. Bone marrow infiltration was present in 11 patients, while peripheral blood involvement was demonstrated in four cases.
Marginal zone lymphoma patient no. 12 was initially diagnosed with splenic marginal zone lymphoma with bone marrow and peripheral blood infiltration by a small B-cell lymphoma with splenomegaly. However, the patient experienced several relapses with lung, lymph node and parotid involvement, hence we considered her to be following a clinical course atypical for splenic marginal zone lymphoma and so included her in this group of marginal zone lymphoma-not otherwise specified.
Cryoglobulinemia was detected in five cases, and a monoclonal paraprotein was found in two cases. Seven patients were alive after a follow-up of 19-129 months following the diagnosis of lymphoproliferative disorders. Five patients died 2, 6, 10, 11 and 181 months, respectively, after diagnosis of lymphoproliferative disorders, the cause of death being related to the lymphoma in only one of them.
Remarkably, marginal zone lymphoma case 7 was diagnosed with only skin involvement, but after relapses with skin, gastric and lymph node involvement, the patient developed a large B-cell lymphoma with gastric infiltration and finally died because of the tumor.
Pathological features. Molecular and light-chain restriction data are presented in Table 2 . Marginal zone lymphoma was diagnosed in two lymph node, three lung, two skin and one pleural biopsies. In the other six cases, the diagnosis of marginal zone lymphoma was concluded after taking into account the evidence of lymphadenopathy and/or lung involvement by image techniques with a bone marrow B-cell infiltration with morphological, phenotypic and molecular findings consistent with marginal zone lymphoma. A peripheral lymph node biopsy removed from one case had a conserved architecture but PCR detected a monoclonal IgH rearrangement. The presence of mediastinal and abdominal lymph node involvement (detected by image techniques) with bone marrow infiltration in this case led to a diagnosis of marginal zone lymphoma.
The phenotype in all the cases excluded other small B-cell lymphomas, such as mantle cell lymphoma, follicular lymphoma or chronic lymphocytic leukemia, because of the lack of cyclin D1, BCL6 and CD5 and CD23 expression. All the 11 cases tested were p53-negative. A bone marrow biopsy was evaluated in all the cases. All but two were infiltrated by small B-cells; eight cases had an intertrabecular pattern, two had an interstitial pattern and one had a mixed intertrabecular, interstitial and intrasinusoidal pattern.
Flow cytometry data were available from five cases. Notably, the B-cell infiltrate was CD5 þ in two of these, one of which had an additional CD5 À monoclonal population. Marginal zone lymphoma case 9 had a high level of lymphocytosis but the CD5 À , CD23 À , CD43 À phenotype with strong Ig expression precluded a diagnosis of chronic lymphocytic leukemia.
Marginal zone lymphoma case 7 evolved to diffuse large B-cell lymphoma, as demonstrated in a gastric biopsy.
Follicular Lymphoma
Clinical findings. This group included eight patients (7 females, 1 male), with a median age of 56 years (range, 39-80 years). Six patients presented clinically with lymph node involvement, one with lymph node and skin infiltration and another one with skin and bone marrow involvement. Bone marrow involvement was found in four out of seven patients. Five patients received chemotherapy at the time of lymphoma diagnosis. Four of them were alive after a follow-up of 14, 29, 38 and 49 months, respectively. Two patients died 25 and 27 months, respectively, after diagnosis. We do not have followup information about two patients.
Pathological features. Molecular and light-chain restriction data are shown in Table 2 . The lymph node biopsy was evaluable in seven patients. In all the cases, the infiltrate had a nodular pattern, and the cytology consisted of centrocyte and centroblast cells, which were low grade in seven cases and high grade in one. Tumors were BCL2 þ in four of the six cases, and p53 þ in three of the six cases.
Two cutaneous biopsies showed lymphoid proliferation with a nodular pattern involving dermis and subcutaneous tissue. In both the cases, the phenotype of tumoral cells was CD20 þ , BCL2 þ , BCL6 þ , consistent with disseminated follicular lymphoma.
The bone marrow pattern of infiltration was peritrabecular in all the cases with bone marrow infiltration (including both cases with skin involvement) except one, which featured intertrabecular follicles.
Large B-cell Lymphoma
Seven patients were diagnosed with large B-cell lymphoma (2 females, 5 males). The median age was 67 years (range, 41-91 years). Lymph node involvement was present in four cases, spleen in two cases and liver in one. Splenomegaly was observed in four cases. Bone marrow biopsy was examined in four cases, with no large B-cell infiltration in any of them. Two patients were also diagnosed with hepatocarcinoma. Three patients were alive 6, 21 and 106 months, respectively, after diagnosis. The other four patients received only symptomatic treatment because of their poor performance status. Pathological findings. Molecular and light-chain restriction data are shown in Table 2 . All but one case showed diffuse proliferation of large B cells. Of these, the phenotype was CD20 þ (6/6 cases), BCL6 þ (6/6), CD10 þ (1/2), BCL2 þ (3/6), with p53 overexpression in two of the five cases. Only a cytological examination was available in the seventh case. It is of particular interest that one of the cases with spleen involvement by large B-cell lymphoma featured a monoclonal B-cell population in the peripheral blood and bone marrow and splenic-associated findings consistent with splenic marginal zone lymphoma. A small B-cell component was not observed in the other large B-cell lymphoma involving the spleen.
Other Diseases
Lymphoplasmacytic lymphoma was found in two patients, both with bone marrow involvement and, in one of them, mediastinal and abdominal lymphadenopathy. None of them showed splenomegaly. Both patients were alive after a follow-up of 63 and 53 months, respectively. Bone marrow was available for both cases, the examination revealing a nodular and interstitial infiltration by a polymorphic population of plasma cells, lymphocytes and lymphoplasmacytoid cells. Two further cases presented bone marrow infiltration by plasma cells and monoclonal serum protein without splenomegaly or lymphadenopathy. These cases fulfilled the criteria for a diagnosis of multiple myeloma. Both received only a conservative treatment because they were 78-and 79-years old, respectively, and had a poor performance status. Another patient showed a monoclonal serum protein of 2.4 g/dl with a monoclonal plasma cell population in bone marrow of 2%, so the diagnosis of this patient was consistent with monoclonal gammopathy of undetermined significance.
Two patients diagnosed with chronic leukemia lymphatic leukemia displayed peripheral lymph node involvement and splenomegaly. They presented the highest lymphocyte counts in the series, 33 725 and 11 700/ml, respectively, with a classic CD5 þ , CD23 þ phenotype. They died 10 and 12 months, respectively, after diagnosis.
One patient was diagnosed with Burkitt lymphoma with lymph node and liver involvement. He was alive 86 months after diagnosis. The final patient presented with splenomegaly, abdominal lymph nodes and a bone marrow biopsy showing infiltration by a small B-cell proliferation with an elevated level of blast cells. In spite of treatment with chemotherapy, he died from a tumor 6 months after diagnosis.
HCV-Associated Monoclonal B-cell Lymphocytosis
This group included cases with B-cell clonal expansion demonstrated by flow cytometry, immunohistochemistry and/or PCR IgH rearrangement in bone marrow and/or peripheral blood samples, without clinical or histological evidence of lymphoma infiltration. Presence of splenomegaly was not considered to be evidence of malignant lymphoma, as it may be related to the active infection by HCV.
Clinical findings. Eleven patients were included in this group (four females, seven males) with a median age of 62 years (range, 45-84 years). Three patients had cirrhosis, and splenomegaly was detected in eight patients. Small abdominal lymph nodes were detected by CT examination in three patients, one of which could be attributed to metastasis by colorectal carcinoma. Cryoglobulinemia was demonstrated in three patients, and two presented with autoimmune hemolytic anemia. The mean leukocyte count was 6572/ml (range, 2.7-11.8) and the mean lymphocyte count was 3037/ml (range, 800-6386). Although the two patients had a lymphocyte count 45000/ml, the CD19 þ population in peripheral blood was 22 and 12% of the leukocyte count, respectively. Four patients received chemotherapy. Splenectomy was performed for therapeutic and diagnosis purposes in one patient. All patients but one, who was suffering from a colorectal carcinoma, were alive after a follow-up between 12 and 57 months.
Pathological findings. Molecular and light-chain restriction data are shown in Table 2 . Bone marrow samples were available for all the cases. Intertrabecular nodules were observed in seven cases, intrasinusoidal involvement was detected in five cases and solely interstitial infiltration was demonstrated in one case (Figure 2 ). Flow cytometry analysis was possible for nine cases, the degree of bone marrow infiltration by lymphoid cell varying between 5 and 44% (median, 20%). Only two of the nine cases were CD5 þ , both of which were CD23 À . There was also a small population of plasma cells (range, 4-9%).
The spleen was analyzed in one case, which had a small lymphoid infiltration in the red pulp CD20 þ , IGD þ , whereas the white pulp presented a reactive germinal center without follicular replacement. The bone marrow of this patient showed interstitial B-cell infiltration. It is of particular interest that the patient with splenomegaly, small abdominal lymph nodes, bone marrow and peripheral blood involvement in B-cell expansion with marginal zone phenotype had splenic findings that were not consistent with the characteristics of classical splenic marginal zone lymphoma (Figure 3) .
Tissue-based Monoclonal B-cell and Plasma Cell Proliferations of Uncertain Type
An enlargement of hepatic hilar lymph node was detected in one patient by a CT scan during the clinical evaluation of HCV infection, so liver and lymph node biopsies were done. The histological examination of the lymph node had a conserved architecture, with reactive germinal centers. Immunohistochemical analysis showed a CD20 þ , CD5 þ , kappa population in the marginal zone area (Figure 4 ). Additional confirmation of the monoclonal infiltrate was obtained after PCR IgH study.
The liver biopsy showed a portal infiltrate of CD20 þ , CD5 þ lymphocyte with the same rearrangement as that of the lymph node biopsy. The patient received no treatment and was alive without evidence of lymphoproliferative disorder 3 years after her initial diagnosis. In the second patient, a nasal papilloma was removed 13 years after the initial diagnosis of HCV. Remarkably, one of the examined fragments included focal bone marrow showing a dense infiltrate of small B cells CD20 þ , BCL2 þ , BCL6 À , CD5 À , CD23 À with kappa light-chain restriction. The third case of this group was a patient diagnosed with cryoglobulinemia and VHC who finally died from renal failure. The spleen was normal sized, with infarcted areas and a monotypic infiltrate of plasma cells in the red pulp.
Analysis of BCL2 and IgHV Genes Rearrangements
Somatic mutations (varying from 88.9 to 96.0%) in the IgVH genes were detected in all the five clonal rearrangements that could be evaluated. VH3-23 was used in two cases, while VH3-15, VH3-30 and VH1-69 were used in one case each.
All but one case tested negative for a BCL2 rearrangement (two cases by FISH, 15 cases by PCR). The only case with a BCL2 rearrangement was identified by FISH in a lymph node biopsy diagnosed with follicular lymphoma.
Discussion
We have reviewed the clinicopathological features of monoclonal B-cell lymphoproliferative lesions associated with HCV infection. The most common lymphoma types diagnosed were marginal zone lymphoma, diffuse large B-cell lymphoma and follicular lymphoma. These data are consistent with those reported by a previous study 19 but differ from those of another report. 5 We noted a spectrum of clinicopathological disorders, varying from patients with distinct clinical or histological evidence of lymphoma involving lymph node, spleen and/or extranodal tissues to cases in which monoclonal B-cell lymphocytosis was detected as the presence of a monoclonal B-cell population in peripheral blood, bone marrow and/or other tissues. There was a subset of cases with borderline, intermediate features. Examples of this intermediate histology and/or behavior are marginal zone lymphoma case 12, in which an initial diagnosis of splenic marginal zone lymphoma was followed by a visceral and systemic infiltration, and marginal zone lymphoma case 7, in which, after an initial diagnosis of cutaneous marginal zone lymphoma, MALT-type, an extracutaneous infiltration was seen, with visceral and lymph node infiltration, which finally led to the death of the patient. We have given the name 'marginal zone lymphoma not otherwise specified' to this subset of cases with features that cannot be classified by the standard WHO categories of splenic marginal zone lymphoma, marginal zone lymphoma-MALT type or nodal marginal zone lymphoma.
An interesting finding of our review is the presence of a substantial number of cases with monoclonal B cells in peripheral blood, bone marrow or other tissues, in the absence of definite clinical or histological evidence of neoplastic infiltration. Criteria for monoclonal B lymphocytosis diagnosis have been clearly established in peripheral blood samples.
However, no clear cutoff data were available to identify monoclonal B lymphocytosis involving the bone marrow or extramedullary tissue, although a value of 430% of nucleated cells in the bone marrow aspirate has been suggested. 20 Recently, one study has proposed lymph node size to be a criterion for separating small lymphocytic lymphoma/chronic lymphocytic leukemia from monoclonal B lymphocytosis in lymph nodes, 21 but this is not applicable to the cases considered here. This observation confirms and expands previous descriptions of clonal B-cell population in the blood of HCV-infected persons, as well as clonal B-cell infiltrates in the bone marrow and liver biopsies of patients with HCV infection, associated or not with cryoglobulinemia. [22] [23] [24] [25] [26] These infiltrates were shown to remain unmodified during a long follow-up in most cases but can be followed up as overt lymphoma in about 10% of them. The term 'monotypic lymphoproliferative disorder of undetermined significance' 1 has been proposed for these cases. Moreover, it has been demonstrated that lymphomas developed in patients with these peripheral blood and/or bone marrow monoclonal populations may be clonally unrelated. Consistent with this, the marginal zone lymphoma case 11 diagnosed as being at clinical stage IV with skin, lymph node and bone marrow involvement had different IgVH clones at separate locations. Additionally, bone marrow clonal B-cell expansion in patients with HCV infection has not been statistically associated with the presence of overt lymphoma. 27 Remarkably, in our series, splenomegaly was detected by CT examination in 58% of patients, while peripheral blood and bone marrow monoclonal B-cell infiltration were detected in 33 and 84% of cases, respectively. This review also highlights the difficulties of differentiating between splenic marginal zone lymphoma and monoclonal B lymphocytosis in HCV patients, in which splenomegaly can be attributed to the HCV infection. This is particularly pertinent when only bone marrow sections are available for establishing the difference, as also shown by de Vita et al. 28 Splenic marginal zone lymphoma features in HCV patients in this series are the same as those in HCV-negative cases, except for a lower degree of spleen tissue infiltration. CGH array studies have also highlighted the lack of any difference in DNA copy number changes in splenic marginal zone lymphoma, when comparing HCV-positive and HCV-negative samples. 29 HCV-positive cases have an increased incidence of lymphoplasmacytic lymphomas, often in association with mixed cryoglobulinemia. 30 Precise criteria for differentiating lymphoplasmacytic lymphomas and monoclonal B-lymphocytosis are still lacking, however.
In addition to bone marrow and peripheral blood samples containing monoclonal B lymphocytosis, we found a monoclonal B-cell population in three cases (in lymph node, nasal polyp and spleen), without any clinical evidence of lymphoma. This finding can be considered an incidental observation of monoclonal B-cell expansion with a very low probability of developing systemic disease, as reported by Rawstron. 20 Although 480% of all monoclonal B lymphocytosis expressed CD5 antigen in healthy HCVnegative individuals, 12 monoclonal B lymphocytosis cases were CD5 À in our series. Interestingly, two of the marginal zone lymphomas described here expressed CD5.
Two of the six follicular lymphoma cases showed cutaneous involvement either at diagnosis or during the course of the disease. Although a possible diagnosis of marginal zone lymphoma was considered in these cases, the presence of BCL6 expression combined with bone marrow involvement with a paratrabecular pattern support the diagnosis of follicular lymphoma.
Two of the seven diffuse large B-cell lymphomas reviewed were restricted to the spleen. One of the cases showing IgD expression was considered as progression from splenic marginal zone lymphoma, as the examination of splenic parenchyma outside large B-cell lymphoma showed morphological and phenotypic features of splenic marginal zone lymphoma, as well as bone marrow and peripheral blood infiltration by a monoclonal B population with a phenotype consistent with splenic marginal zone lymphoma. In a large series of large B-cell lymphomas, HCV-positive patients had a higher proportion of spleen involvement than HCVnegative patients. 31, 32 Although rearrangement of BCL2 has been found at a higher frequency in the peripheral blood mononuclear cells from patients with chronic HCV infection and mixed cryoglobulinemia, 33 this molecular alteration was not more common in the lymphoma biopsy specimen from patients with HCV infection than in those who were HCV-negative. 34 All cases in this study were found to be negative for the BCL2 translocation by FISH or PCR.
On the other hand, HCV increases the frequency of the TP53 gene mutation. 35 We observed overexpression of p53 in two of the five follicular lymphoma and three of the five large B-cell lymphoma cases, respectively.
In summary, the study identifies two major areas in which diagnosis of HCV-positive patients requires close integration with other clinical and molecular data: disseminated marginal zone lymphoma lacking splenic marginal zone lymphoma features and monoclonal B-cell lymphocytosis in bone marrow, peripheral blood or other tissues.
